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Acetylcholine
(ACh) release from guinea pig ileum myenteric plexus is a Ca2+ dependent process which is triggerd by a rise in intracellular Ca2+ concentration mainly due to an increase of Ca2+ influx from the external medium (1) . However, the relationship between ACh release from this tissue and external Ca2+ concentration ([Ca2+] o) still has not been estimated fully with special reference to the kind of stimuli used to induce ACh release. In the previous reports, we described that ACh release induced by nicotine (2) but not high-K+ (3) nor electrical field stimulation (EFS) (2) Male guinea-pigs, weighing 400 to 800 g, were killed by a blow on the head and bled out. A length of small intestine was isolated proximal to the last 10 cm and longitudinal muscle strips were prepared as described previously (7). These strips were mounted in an organ bath containing Tyrode's solution of the following composition (mM): NaCI, 136.9; KCI, 2.7; CaCl2, 1.8; MgCl2, 1.05; NaHC03, 11.9; NaHP04, 0.4; glucose, 5.6. Physostigmine salicylate (5 ,uM) and choline chloride (1 itM) were added. the bath was kept at 37'C and bubbled with 5% CO2 in 02. Experiments on ACh release were carried out by the procedure discribed elsewhere (8).
In each experiment, stimulations were performed twice with an interval of 19 min. The first stimulation was carried out at normal (1.8 mM) Ca2+ (S1) and the second one at various concentrations of external Ca2+ (0 3.6 mM) (S2). Seventeen minutes before the second stimulation, the medium was changed into one containing various concentrations of Ca2+ ranging from 0 to 3.6 mM. In some experiments, when the effect of indome thacin on the nicotine-induced ACh release was studied, the drug was added to the medium 17 min before the second stimu lation. EFS was carried out with plati num ring electrodes, one at the top and one at the bottom of the strips; the para meters were supramaximal voltage (100 V), 0.5 msec duration, 10 Hz, and a total of 200 pulses. The high-K+ (50 mM) Tyrode's solution was kept iso-osmotic by appropriate changes in the Na+ concentration. The samples for the estimation of ACh release were assayed on guinea-pig ileum longi tudinal strips as previously described (8). To eliminate the possible interference of 1,1 dimethyl-4-phenyl-piperazinium (DMPP) in the samples, hexamethonium chloride (0.1 mM) was added to the Tyrode's solution for assay. When substance P was present in the samples, the interference was prevented by treating the samples with one-tenth volume of a-chymotrypsin (50 U/ml) for 20 min at 37°C. When the samples containing 5 hydroxytryptamine (5-HT) were assayed, 5 HT (1 ag/ml) was always present in the Tyrode's solution for assay. The ACh release due to each stimulation was calculated by subtracting the release collected immediately preceding the resting period from the total release during the stimulation period. All results were shown as S2/S, X 100 (%). For the spontaneous ACh release, the spon taneous release immediately before S2 was expressed as a percent of that immediately before S1. (Fig. 1) . On the other hand, nicotine (6.16 ,aM)-induced ACh release increased up to 0.45 mM Ca2+ and then declined progressively as the [Ca2+]o was further raised (Fig. 2A) . Qualita tively similar results were obtained with another nicotinic agonist, DMPP (10 ,PM) (Fig. 2B) . Next, to examine whether the results obtained in the case of nicotine or DM PP were specific for the ACh release induced by nicotinic ACh receptor agonists or would be general for the ACh release mediated through various receptors, in place of nicotine, 5-HT or substance P, both of which have been reported to release ACh from guinea-pig ileum myenteric plexus (9, 10), was applied as a stimulant to induce ACh release. The ACh release induced by 5 HT (2.58 ,uM) or substance P (0.3 ,uM) increased as [Ca2+]0 was raised from 0 to 0.45 mM and declined progressively with further increase of [Ca2+]o (Fig. 2B) The present results show that the relation ship between ACh release and [Ca2+]o varies with the kind of stimuli applied to the myenteric plexus. At 0 to 3.6 mM external Ca2+, both the EFS and the high-K+ induced ACh release increased with the Ca2+ concentraions.
Our results as to the EFS induced ACh release were consistent with the data reported by Alberts and Stjarne Essentialy the same results were obtained with the DMPP-, the 5-HT or the substance P-induced ACh release. Furthermore, the spontaneous ACh release, most of which is thought to derive from the propagated activity through nicotinic ACh receptors within the myenteric plexus (12), behaved as the nicotine-induced one. Thus, it seems likely that this biphasic character istic of ACh release may be general for the receptor-mediated ACh release from guinea pig ileum myenteric plexus. Kim and Sandes (13) and Mattews and Wickelgren (14) described such a biphasic characteristic of ACh release as seen in the present study about spontaneous
ACh release in the rat and frog neuromuscular junction, and they inter preted their results in terms of the stabilizing effect of Ca2+. At present, the mechanism of the non-monotonic effect of external Ca2+ on the receptor-mediated ACh release is not clear. However, according to the mechanisms described by them, a possible explanation might be as follows: In addition to its effect on transmitter release, Ca2+ is well known to reduce the permeability of nerve membranes to Na+ (15) Further experi ments will be required to substantiate this proposal.
